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We demonstrate the use of the ambient/focal coefficient K for studying the dynamics of visual
behavior when performing cartographic tasks. Participants viewed a cartographic map and
satellite image of Barcelona while performing a number of map-related tasks. Cartographic
maps can be viewed as summary representations of reality, while satellite images are typically
more veridical, and contain considerably more information. Our analysis of traditional eye
movement metrics suggests that the satellite representation facilitates longer fixation durations,
requiring greater scrutiny of the map. The cartographic map affords greater peripheral scan-
ning, as evidenced by larger saccade amplitudes. Evaluation of K elucidates task dependence
of ambient/focal attention dynamics when working with geographic visualizations: localiza-
tion progresses from ambient to focal attention; route planning fluctuates in an ambient-focal-
ambient pattern characteristic of the three stages of route end point localization, route follow-
ing, and route confirmation.
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Introduction
Following construction of a map, via, e.g., selection, des-
ignation, classification, etc. (see Keates (1982)), cartogra-
phers are interested in evaluating its use, including objective
analysis of the user’s visual and/or cognitive engagement.
Beyond measurement of a map’s intrinsic or visual com-
plexity, which often relies on image-based measures related
to saliency, clutter, or entropy (e.g., see Fairbairn (2006a);
Schnur, Bektas, Salahi, and Çöltekin (2010); Brychtová, Çöl-
tekin, and Pászto (2016)), it is important to find ways to mea-
sure perceived complexity, so that maps are well-suited to
task types and to target user groups (Šteˇrba, Šašinka, Sta-
chonˇ, Štampach, & Morong, 2015). Šteˇrba et al. suggest
aiming psychological analyses to detect mechanisms and
cognitive processes evoked during various tasks performed
on maps, or cartographic products in general. Toward this
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end, we use K. Krejtz, Duchowski, Krejtz, Szarkowska, and
Kopacz’s (2016)K coefficient as a gaze metric to distinguish
ambient and focal attention when performing cartographic
tasks. In particular, our goal is to compare and contrast the
use of a cartographically designed abstract map with its cor-
responding satellite image.
Due to the coupling between attention and saccades, sac-
cade duration and amplitude are thought to reflect atten-
tional selection and thus the spatial extent of parafoveal
processing—peripheral scene degradation tends to cur-
tail saccadic amplitudes (Cajar, Schneeweiß, Engbert, &
Laubrock, 2016). Ambient attention is typically character-
ized by relatively short fixations followed by long saccades.
Conversely, focal attention is described by long fixations fol-
lowed by short saccades (Velichkovsky, Joos, Helmert, &
Pannasch, 2005). The K coefficient captures the temporal
relation between standardized (z-score) fixation duration and
subsequent saccade amplitude. K > 0 indicates focal view-
ing while K < 0 suggests ambient viewing. Fluctuating be-
tween focal and ambient modes, K could indicate changes
in cognitive load corresponding to stimulus or task complex-
ity, while, becoming more focal over time, K could indicate
conclusion of visual search, and, for example, boredom, or
the culmination of a decision.
In real-time applications, theK coefficient can potentially
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act as a contextual cue which could be exploited by software
such as recommender systems, e.g., by not interrupting the
user when in ambient search mode, or oscillating between
ambient and focal search. Gaze-based recommender systems
are designed to respond with information contingent on the
viewer’s gaze, e.g., in geographic contexts, when directed to
a particular location in physical or virtual space (such as on
a map). Geographic gaze-based recommender systems have
been referred to as location-aware (e.g., mobile) eye tracking
systems (Kiefer, Straub, & Raubal, 2012). For the system
to provide an appropriate response, the system must identify
the viewer’s desire for information through analysis of their
gaze behavior. Generally, this is accomplished via computa-
tion of an interest metric (Starker & Bolt, 1990; Qvarfordt
& Zhai, 2005; Hammer, Maurus, & Beyerer, 2013). Re-
cent approaches characterize interest or boredom via Support
Vector Machines (Kiefer, Giannopoulos, & Raubal, 2013) or
Area Of Interest (AOI) revisitation (Kiefer, Giannopoulos,
Kremer, Schlieder, & Raubal, 2014).
We demonstrate the utility of K by comparing visual
search behavior over two different geographic representa-
tions (a cartographic map and a satellite image) of the city
of Barcelona alongside traditional eye movement metrics.
Background
Among the many operations involved in map construction
(see Keates (1982)), an important aspect of map design is
the control of the level of detail through generalization op-
erations, e.g., via simplification (Weibel & Brassel, 2006).
Cartographers remove unwanted objects to deal with com-
plexity, thus implicitly or explicitly acknowledge that visual
clutter is undesirable, as it can negatively affect visual search
(Rosenholtz, Li, & Nakano, 2007; Wolfe, Alvarez, Rosen-
holtz, Kuzmova, & Sherman, 2011). In general, the utility of
a map depends on the amount of represented data: as visual
density increases, so does information load, decreasing the
map’s usability (Šteˇrba et al., 2015).
A map’s utility can in part be evaluated by considering
visual search performance. Visual search is a fundamental
function all sighted beings execute on a daily basis. We
plan our paths at a glance to avoid danger or to find food
and shelter. In other words, visual search is important for
our survival. It is also a commonly tested task in the atten-
tion literature as visual search may be facilitated (or inter-
rupted) by salient objects in our (central or peripheral) visual
field (Rosenholtz, Huang, Raj, Balas, & Ilie, 2012). Under-
standing human strategies in visual search is interesting to
many professional groups such as psychologists, vision re-
searchers, educators, designers, advertisers.
Visual search is also a fundamental (low-level) carto-
graphic task (Boér, Çöltekin, & Clarke, 2013). Another term
that cartographic literature uses for visual search is localiza-
tion when a viewer is asked to find an object of interest on
a map. This is a principal map use task, because regardless
of the map type or the final goal of the map reader, an object
or point of interest must be found before it can be studied
further. Geographic task taxonomies widely acknowledge
this task among the most basic and common (Knapp, 1995;
Carter, 2005; Mills, Hollingworth, Van der Stigchel, Hoff-
man, & Dodd, 2011).
The deployment of visual attention as well as its response
to changing conditions is often linked to our cognitive state.
In eye movement studies, overt visual attention is typically
associated with the viewer’s point of gaze (Goldberg & Kot-
val, 1999). Since eye tracking devices can effectively capture
only the central (foveal) gaze point, attempts to model visual
behavior that is triggered by the global complexity of the vi-
sual stimuli, or signals received from peripheral vision, are
studied only to a limited extent (McConkie & Rayner, 1975;
Reingold, Charness, Pomplun, & Stampe, 2002).
Map complexity has been a topic of interest in cartogra-
phy for many decades (Eastman, 1977; MacEachren, 1982;
Fairbairn, 2006b; Schnur et al., 2010). However, there have
only been a few attempts to study map complexity using
eye movements. Castner and Eastman (1984, 1985) distin-
guished between focal and ambient processing (even though
they did not use these terms), and emphasized the impor-
tance of this distinction in their studies. They utilized fixa-
tion duration as an indicator of “depth of cognitive process-
ing” and interfixation distance as an indicator of “extent of
peripheral processing”. They observed a correlation between
what they termed imageability and perceived complexity, and
concluded that eye movements are useful in assessing the
“holistic properties of maps”.
Our work is conceptually similar to Castner and East-
man’s (1985) in that we also distinguish between focal and
ambient attention during cartographic tasks. However, while
they used traditional eye movement metrics, e.g., derived
from fixations (see Jacob and Karn (2003)), we evaluate K
for its applicability to analysis of cartographic tasks. Because
task is known to influence eye movements (Yarbus, 1967),
especially their dynamics (Mills et al., 2011), we test K un-
der three different cartographic tasks, namely Localization,
Point Of Interest, and Route Planning. These can be thought
of as instances of Locate, Identify, and a combination of As-
sociate and Correlate, respectively, using the cartographic
task taxonomy found in Šteˇrba et al. (2015) (see also Knapp
(1995) and Wehrend and Lewis (1990)).
Eye tracking experiments have investigated map-based
wayfinding, suggesting that route planning (and route
choice) are followed by a phase of transformation
and encoding—see Kiefer, Giannopoulos, Raubal, and
Duchowski (2017) for a review. In this paper we consider
route planning as one of a number of map-related tasks and
demonstrate how K corresponds to different phases of route
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planning. Of six typical map-based visual tasks, namely free
exploration, visual search, polygon comparison, line follow-
ing, focused search, and route planning, Kiefer, Giannopou-
los, Duchowski, and Raubal (2016) found route planning and
focused search to be the most cognitively demanding (as in-
dicated by mean difference of pupil diameter with respect to
the free exploration task, considered as baseline). Their work
is possibly the most similar to our application of coefficient
K to analysis of cartographic tasks.
Attentional Dynamics
The K coefficient is derived by subtracting the standard-
ized (z-score) fixation duration from the standardized ampli-
tude of the subsequent saccade (K. Krejtz et al., 2016), re-
produced here for convenience:
Ki = di − µd
σd
− ai+1 − µa
σa
, such that K = 1
n
∑
n
Ki, (1)
where µd, µa are the mean fixation duration and saccade am-
plitude, respectively, and σd, σa are the fixation duration and
saccade amplitude standard deviations, respectively, com-
puted over all n fixations and hence n Ki coefficients.
Similar combinations of fixation duration and saccadic
amplitude have been proposed for the analysis of static and
dynamic scene viewing (Velichkovsky et al., 2005; I. Krejtz,
Szarkowska, Krejtz, Walczak, & Duchowski, 2012). Specif-
ically, short fixation durations combined with long saccades
are characteristic of ambient processing, while longer fixa-
tion durations followed by shorter saccades are indicative of
focal processing (Unema, Pannasch, Joos, & Velichkovsky,
2005). The pattern of visual attention attributed to the two
ambient/focal modes of information acquisition (Trevarthen,
1968) has been variably referred to as orienting and eval-
uating (Ingle, 1967), noticing and examining (Weiskrantz,
1972), exploring and inspecting (Velichkovsky et al., 2005),
skimming and scrutinizing (Lohmeyer & Meboldt, 2015), or
exploring and exploiting (Peysakhovich, 2016).
The interplay between focal and ambient visual informa-
tion processing changes dynamically. Shorter fixations fol-
lowed by longer saccades appear to characterize early stages
of scene perception. Once a target has been identified, longer
fixations ensue and are followed by shorter saccades (Irwin
& Zelinsky, 2002).
Using Velichkovsky et al.’s (2005) terms of exploration
and inspection, inspection may be comprised of decision and
confirmation (Just & Carpenter, 1976). Pannasch, Helmert,
Roth, Herbold, and Walter (2008) showed a systematic in-
crease in fixation durations and a decrease in saccadic ampli-
tudes over the time course of scene perception. In their work,
fixation durations and saccadic amplitudes were considered
as two independent data streams. We combine both into a
single dynamic stream explicitly capturing the interplay of
ambient and focal modes of visual attention.
Holmqvist et al. (2011) review several means of opera-
tionalization of ambient/focal viewing: thresholding on the
ratio of fixation duration to saccade amplitude, and compu-
tation of a saccade/fixation ratio. None of these approaches,
however, explicitly considers dynamics of how the saccade/-
fixation ratio changes over time.
Our approach allows for both clear distinction of ambient
(K <0) and focal (K >0) eye movements and its continuous
dynamics. There is, however, an implicit ambiguity inK =0,
which reflects effective equivalence between fixation dura-
tion and saccadic amplitude, relative to their z-scores, i.e.,
each is equivalent to its mean. The implicit ambiguity arises
since K = 0 is neither focal nor ambient, however, its occur-
rence is rather rare (e.g., in the present study only 0.86% of
the data fell within the K ∈ [−0.01, 0.01] range).
In studying cartographic visual tasks, a measure of ambi-
ent/focal attention could indicate perceived complexity, task
difficulty, or cognitive load. It is important to remember that
various factors can contribute to understanding cartographic
complexity, e.g., spatial abilities vary strongly among people
(Allen, 1999; Hegarty & Waller, 2005), expertise (Çöltekin,
Fabrikant, & Lacayo, 2010) and familiarity can change peo-
ple’s strategies (Golledge, Dougherty, & Bell, 1995). Fur-
thermore, the map’s content and design also affects perfor-
mance (Çöltekin, Heil, Garlandini, & Fabrikant, 2009).
Methodology
To evaluate effectiveness of a cartographic representa-
tion compared to its satellite rendering using coefficient K ,
we performed an experimental eye-tracking study of carto-
graphic tasks. Three tasks were carried out by participants on
a city view, displayed either as cartographic map or satellite
rendering. Our hypotheses follow.
1. The satellite view requires more attentive visual
search, if it can be assumed to be more cognitively de-
manding. As such, we predict longer task completion
times, longer fixation durations, and shorter saccades
during inspection of this type of image compared to
its cartographic representation. Moreover, we predict
that the ambient/focal K coefficient will show more fo-
cal eye movements on the satellite image than on the
cartographic map.
2. The route planning task elicits a different pattern of eye
movement dynamics than the localization task. We as-
sume the pattern of ambient/focal viewing reflects the
different stages required to complete route planning:
localization of the route start and end points (ambi-
ent viewing), traversing the route (focal viewing), and
confirmation of the route (ambient viewing).
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(a) Apparatus and experimental setting. (b) Satellite image. (c) Cartographic map.
Figure 1. Experimental settings and (Barcelona) stimuli: satellite image and cartographic map.
Overview and Experimental Design
The experiment used a 3×2 mixed design, including car-
tographic task (Localization vs. Point Of Interest (POI) vs.
Route Planning ) as a within-subjects factor and visualiza-
tion (cartographic map vs. satellite rendering) as a between-
subjects factor. We also controlled for spatial working mem-
ory capacity (SWMC) of each individual (see below).
The three cartographic tasks involved two types of visual
search (Localization of a stated map landmark followed by
search of a nearby POI) followed by Route Planning. Partic-
ipants were asked to find locations on the map when viewing
a city representation as either cartographic map or satellite
image (Google’s cartographic or satellite rendering,
respectively; see Figure 1 and below for technical details).
Note that for statistical analyses we skipped the POI task.
The reason for this was the task’s simplicity. The task was
to find a Point Of Interest close to the target of the first Lo-
calization task. Due to the POI’s proximity to the initial tar-
get, localization of the secondary POI was subsumed by the
first task, making the distinction between stated hypotheses
effectively meaningless.
Participants
Sixty-three (N = 63) university students took part in the
study, with 7 excluded due to technical and procedural prob-
lems (e.g., poor calibration). The final sample included 56
participants (20 M, 36 F, ages M = 25.43, SD = 3.94).
Calibration scores for the sample were as follows: vertical
M = 0.54◦ and horizontal M = 0.49◦. All participants took
part in the experiment after signing a consent form.
Apparatus
All stimuli were presented on a computer monitor (1680×
1050 resolution; 22′′ LCD, 60 Hz refresh rate) connected to a
standard PC laptop computer. Eye movements were recorded
at 250 Hz with an SMI RED 250 eye tracking system. Stim-
uli presentation was controlled by SMI’s Experiment Centre
software. SMI’s BeGaze software was used for fixation and
saccade detection with a velocity-based event detection al-
gorithm. The algorithm first detects saccades, then fixations.
The minimum duration of saccades was set to 22 ms, with
peak velocity threshold 40◦/s, and minimum fixation dura-
tion set to 50 ms. There is no consensus for fixation identi-
fication based on duration. For example, Velichkovsky et al.
(2005) consider a minimum fixation duration of 20 ms. How-
ever, other researchers consider fixations with larger minima,
e.g., 100-200 ms (Salvucci & Goldberg, 2000; Nyström &
Holmqvist, 2010). In the present paper, we applied a mini-
mum fixation duration of 80 ms for the analyses (i.e., ignor-
ing fixations with very short durations in range [50, 80] ms).
Research Materials
Background questionnaire. A short online survey with
the use of the LimeSurvey open-source platform (Schmitz &
LimeSurvey Project Team, 2012) included questions about
demographics, familiarity with Barcelona as well as Google
Maps.
Spatial Working Memory Capacity. A Spatial Work-
ing Memory Capacity (SWMC) measure was adopted from
the Berlin Test of Intelligence (Jäger, Süß, & Beauducel,
1997), following Dajlido (2013). We used two tasks for spa-
tial working memory capacity measurement. Both were pre-
sented to participants in paper-and-pencil form. Example test
boards are presented in Figure 2. We followed the test pro-
cedure and its timings provided by Dajlido (2013).
In the first task, participants were asked to memorize, in
30 seconds, a path connecting 10 objects (buildings) pre-
sented on a board, see Figure 2(a). The buildings were shown
on a background resembling streets. Afterwards, participants
were presented with an answer sheet with only the buildings
shown. Their task was to reproduce, with a pencil, the orig-
inal path. The task was scored by a number of correctly re-
produced connections in the path, resulting in the final score
ranging from 0 to 10.
In the second task, participants were asked to remember
the position of objects (buildings) presented on the test board,
see Figure 2(b). The task involved memory of each object
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(a) Spatial memory task 1. (b) Spatial memory task 2.
Figure 2. Examples of spatial working memory capacity tasks.
position as well as spatial relations between them. The time
limit of this task was 45 seconds. During the test phase the
task was to enter numbers assigned to each building in the
proper empty spots on the answer sheet. All correct entries
were summed for the final score ranging in [0, 12].
In order to obtain a final indicator of spatial working mem-
ory capacity, proportional scores from both tasks were aver-
aged. They were then normalized to obtain a single score
of spatial working memory capacity ranging between 0 and
1. The normalized score was used in subsequent statistical
analyses as a covariant.
Experimental stimuli. The map stimuli (screen shots
of the cartographic map and the satellite image) were cre-
ated using Google Mapstm JavaScript API v3,1 an Applica-
tion Program Interface (API) made publicly (and commer-
cially) available by Google, Inc. The API allows stylized
rendering of a map through specification of JavaScript pa-
rameters. Maps were rendered (see Figure 1) by disabling vi-
sual user interface controls for navigation, scale, rotate, pan,
and zoom, and limiting the number of Points Of Interest to
two. Specifically, the Barcelona map (using Google’s lati-
tude/longitude coordinates: 41.375384, 2.141004) displayed
only the “park” and “sports_complex” POIs at zoom level
17 with the transit layer turned on. The maps were rendered
to 1280×1024 resolution, then screen-captured and cropped
to the same dimensions. The 1280×1024 images were fit
vertically and centered on the 1680×1050 display, leaving
grey margins on either side of the stimulus, see Figure 1(a).
Centering the stimuli horizontally reduced the likelihood of
eye movements made to distant horizontal screen locations,
where eye tracking accuracy is lowest (Mantiuk, 2017).
Note that because Google Maps manipulates which POIs
are visible at discrete magnification (zoom) levels (Dähn &
Cap, 2014), it was impossible to control the selection of spe-
cific POIs at any given zoom level. Google Maps lacks ap-
plication transparency and does not provide a means of de-
termining which subset of existing POIs Google chooses to
display. However, we controlled for this factor by fixing the
zoom levels to a static number (17, in all cases).
Procedure
Prior to the experiment, participants filled in an online
background questionnaire on a laboratory computer. The
tests for spatial memory were presented before or after the
main experimental procedure to avoid order effects between
their scores and the main part of the experiment.
In the main part of the experiment, participants were ran-
domly assigned to either cartographic map (N = 29) or satel-
lite image (N = 25). Following this, the eye tracking sys-
tem was calibrated to each individual. Participants were in-
structed to view a roving calibration dot which moved to
successive screen coordinates covering the viewport extents.
Following calibration, participants carried out the localiza-
tion task (after having located the start point).
For Barcelona (see Figure 1), participants were given the
scenario shown in Table 1. The first cartographic tasks were
localization (visual search), the last included both localiza-
tion and route planning. For brevity, we refer to the car-
tographic tasks as follows: Localization, and Route Plan-
1See: https://developers.google.com/maps/
documentation/javascript/, last accessed May, 2015.
Google Maps provides an alternative API for producing static
images, however, this API (v2) lacks the richness of features
provided by the JavaScript API, which is why the latter was chosen.
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Table 1
Procedures for Barcelona stimulus.
You have rented an apartment in Barcelona, located at the intersection of Carrer de Vilardell and Carrer d’Hostafrancs de Sió (first
localization, or visual search task). Using either of the map or sat views, complete the following tasks:
1. [Localization.] Locate the apartment (street intersection) and fixate it for 3 seconds.
2. [POI.] Locate the name of the closest metro station and fixate it for 3 seconds.
You plan to go to the gym every morning at the Pavelló de l’Espanya Industrial sports complex (hint: large grey building with a domed
roof abutting the large park of the same name). Using either of the map or sat views, complete the following tasks:
3. [Route Planning]. Plan a route that you’re likely to take to this complex from your apartment every morning:
a. Using the mouse, click on the apartment location.
b. Locate the sports complex, and, using the mouse, indicate the path you would take.
c. Using the mouse, click on the sports complex.
d. Press the space bar when done.
ning. To indicate selection of search targets, participants
were asked to visually dwell on them for 3 seconds to in-
dicate successful localization.
Because some of the street names might have sounded for-
eign to participants (making it difficult to remember); a card
with their names was made available by the display for ref-
erence. This was pointed out to participants just following
calibration and prior to viewing of the stimulus. Participants
were asked to view the stimulus (cartographic or satellite rep-
resentation) as they would normally, and to balance speed
and accuracy when performing the visual search.
All cartographic tasks were given in the same order as they
were designed to follow a logical scenario. Both localization
and route planning tasks were realistically achievable. In pre-
serving their natural characteristics, cartographic tasks were
self-paced and their completion time was not limited. This
facilitated the use of the task completion time in analyses of
performance.
Dependent Measures
Results were analyzed in terms of task performance (ef-
fectiveness and efficiency) and eye movement characteristics
and their dynamics. In particular, the following dependent
variables were examined:
1. Task completion time (ms). We treated completion
time (efficiency) as a main indicator of performance
since all participants were able to complete all of the
tasks successfully (effectiveness).
2. Fixation duration (ms). A classical measure in eye-
tracking research, averaged fixation duration is often
treated as one of the indicators of cognitive resource
management in visual information processing during
scene viewing, e.g., see Henderson and Pierce (2008);
Rayner, Smith, Malcolm, and Henderson (2009).
3. Saccade amplitude (deg). A classical measure of
global vs. local visual information processing. Long
saccades amplitudes are related to global visual scan-
ning mode while short to a local search, e.g., Pannasch
et al. (2008); Unema et al. (2005); Mills et al. (2011).
4. Ambient/Focal K Coefficient. Derived by subtracting
the standardized fixation duration from the standard-
ized amplitude of the subsequent saccade, as expressed
by (1), coefficient K was calculated for each partici-
pant. Negative values of K indicate relatively ambient
viewing while positive values indicate relatively focal
viewing. The higher the absolute value, the higher the
ambient/focal magnitude (K. Krejtz et al., 2016).
For the statistical analyses of ambient/focal attention dy-
namics, task completion time was used as a within-subjects
independent measure, where we divided each experimental
task completion time into five equal periods for each partic-
ipant. The five temporal periods were thus relative to the
task duration, in other words, normalized with respect to
task completion time, making them proportionately equiv-
alent between tasks (see analysis of K below).
Results
To verify hypotheses we used the Analysis of Covariance
(ANCOVA) with spatial working memory capacity as a co-
variant, followed by pairwise comparisons with Tukey HSD
correction when their effects reached statistical significance.
All statistical computations were performed using the R sta-
tistical language (R Development Core Team, 2011).
Familiarity with Barcelona and Google Maps
Familiarity with the city of Barcelona was evaluated with
a question about the number of visits. The percentage of par-
ticipants who had visited the city at least once in their lives
was 24%. None of the participants indicated that they visited
Barcelona more than 3 times in their life. One may conclude
that overall familiarity with Barcelona was low.
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Table 2
Responses to questionnaire question: “How often do you use
Google Maps?” (N =56)
Response Percent of responses
Every day 7.40%
2-3 times a week 33.33%
Once a week 12.96%
2-3 times a month 20.37%
Once a month 18.52%
Never 7.41%
Google maps was popular among participants, with only
7.1% claiming they had never used the service. Table 2
presents the detailed distribution of answers to the question
“How often do you use Google Maps?” Observed perfor-
mance (task duration) and process (visual attention) mea-
sures mainly represent attention and performance of expe-
rienced users of Google Maps. Our findings are thus most
relevant when the location is new to the map user (e.g., as
one would study a destination on a map prior to travel) but
they are already familiar with the service.
Cartographic Task Performance
All subjects successfully completed the tasks. To gauge
task performance we studied task duration by analyzing basic
eye movement metrics. We used a 2×2 ANCOVA with task
duration as the dependent variable. The between-subjects
predictor was the visualization (cartographic map vs. satel-
lite rendering). The within-subjects predictor was the carto-
graphic task (localization vs. route planning). Spatial work-
ing memory capacity was treated as a covariant.
As expected, analysis revealed a main effect of visual-
ization type, F(1, 53) = 13.05, p < 0.001, η2 = 0.11.
Both tasks took longer to complete with the satellite image
(M=100842.03 ms, SE=598.92) than with the cartographic
map (M=62342.85 ms, SE=466.57).
Analysis also showed a statistically significant main effect
of covariant (spatial working memory capacity), F(1, 53) =
5.41, p < 0.05, η2 = 0.03. We performed a linear regres-
sion with task duration as a dependent variable and spatial
working memory capacity as a predictor. Results showed
that the slope of the regression line is significantly negative,
β = −51328, SE = 21883, t(54) = 2.35, p < 0.05. Results
imply, not surprisingly, that the higher the spatial working
memory capacity, the faster the completion time for both lo-
calization and route planning tasks.
No other main or interaction effects were statistically sig-
nificant (p>0.1).
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Figure 3. Interaction effect of task and visualization on av-
erage fixation duration. Whiskers represent ±1SE (standard
error). Significant differences (p<0.05) are marked with ?.
Fixation Duration
Task performance results indicated that the cartographic
map afforded faster task completion. Analysis of process
measures (i.e., eye movements) can help reveal whether task
has an impact on performance. If route planning is the more
cognitively demanding task, as suggested by Kiefer et al.’s
(2016) findings of increased cognitive load, then longer fix-
ation durations would be expected during this task if, ac-
cording to Just and Carpenter (1976), they correspond to the
duration of cognitive processing of fixated material. If the
complexity of the visualizations has no impact, then simi-
lar task-dependent differences should be observed with both
visualizations.
To test these predictions we performed a 2 ×2 ANCOVA
with average fixation duration as the dependent variable.
The between-subjects predictor was the visualization (car-
tographic map vs. satellite image). The within-subjects pre-
dictor was the cartographic task (localization vs. route plan-
ning). Spatial working memory capacity was treated as a
covariant. Analysis showed a statistically significant inter-
action effect between visualization (cartographic map vs.
satellite image) and task (localization vs. route planning),
F(1, 53) = 5.87, p < 0.02, η2 = 0.03, see Figure 3. Pairwise
comparisons with visualization as moderator showed that,
on the cartographic map, participants produced significantly
longer fixations (M = 360.36 ms, SE = 3.30) while com-
pleting route planning than while performing the localization
task (M=320.39 ms, SE=1.44), t(52)=2.24, p<0.03.
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Figure 4. Marginally significant interaction effect of task and
visualization on average saccade amplitude. Whiskers repre-
sent ±1SE (standard error).
However, on the satellite image, the difference in av-
erage fixation duration was not statistically significant be-
tween the localization task (M = 354.32 ms, SE = 2.07)
and the route planning task (M = 349.02 ms, SE = 2.22),
t(52) = 1.16, p > 0.1. No other main or interaction effects
were statistically significant.
Saccade Amplitude
Because saccade amplitude and direction is thought to re-
flect attentional selection and the spatial extent of parafoveal
processing (peripheral scene degradation tends to curtail sac-
cadic amplitudes (Cajar et al., 2016)), larger saccade ampli-
tudes are expected in tasks that require greater parafoveal
processing over stimuli that do not in some way degrade pe-
ripheral scene perception.
To evaluate the effect of cartographic visualization and
task on saccade amplitude, a 2×2 ANCOVA was performed
with saccade amplitude (in visual degrees) as the dependent
measure. The between-subjects predictor was the visual-
ization (cartographic map vs. satellite image). The within-
subjects predictor was cartographic task (localization vs.
route planning). Spatial memory capacity was the covariant.
Analysis revealed that the interaction of task and visu-
alization was marginally significant, F(1, 53) = 3.38, p =
0.072, η2 =0.01, see Figure 4.
Pairwise comparisons with visualization as moderator
showed that saccade amplitude is marginally greater dur-
ing route planning (M = 4.65◦, SE = 0.06) than during
localization (M = 4.20◦, SE = 0.04) on the cartographic
map, t(52) = 1.78, p = 0.081. On the satellite image,
the difference in saccade amplitude between the route plan-
ning task (M = 4.67, SE = 0.06) and the localization task
(M = 4.38, SE = 0.04) was not statistically significant,
t(53)=0.85, p>0.1.
It is worth mentioning that the interaction effect of task
and spatial memory capacity reached marginal significance,
F(1, 53)=3.48, p=0.068, η2 =0.01.
Ambient/Focal Viewing
Preliminary analysis of theK ambient/focal coefficient as
a dependent measure used a similar design as for fixation
duration and saccade amplitude analyses, namely a 2×2 AN-
COVA with visualization as a between-subjects factor and
task as a within-subjects factor. Spatial working memory was
treated as a covariant.
Analysis revealed a statistically significant main effect
of visualization, F(1, 53) = 8.24, p < 0.01, η2 = 0.09,
with the satellite image eliciting greater focal eye move-
ments (M = 0.09, SE = 0.06) than the cartographic map,
which elicited significantly greater ambient eye movements
(M=−0.12, SE=0.04).
Similar to the analyses of fixation duration, the interaction
effect of task and spatial working memory capacity reached
marginal significance, F(1, 53)=3.53, p=0.066, η2 =0.02.
To delve deeper into the differences of dynamical patterns
of ambient/focal fluctuation between localization and route
planning tasks, two analyses of covariance were conducted,
one for each of the cartographic and satellite visualizations.
Both analyses followed the same 2×5 design with task and
time sequence (5 periods) as within-subjects fixed factors.
Spatial working memory capacity was treated as a covariant.
Analyses of the satellite image revealed a significant main
effect of time period, F(3.28, 81.94)=15.14, p<0.001, η2 =
0.13. In line with previous literature (Velichkovsky et al.,
2005), pairwise comparisons showed that, regardless of task,
attention changes from ambient to focal over time, see Fig-
ure 5(a): 1st period (M = −0.22, SE = 0.04), 2nd period
(M = 0.03, SE = 0.04), 3rd period (M = 0.15, SE = 0.04),
4th period (M = 0.15, SE = 0.04), and 5th period (M =
0.25, SE=0.04). The difference between the 1st time period
and all others was statistically significant, T1:T2 t(100) =
3.63, p < 0.01, T1:T3 t(100) = 5.23, p < 0.001, T1:T4
t(100)=5.90, p<0.001, and T1:T5 t(100)=7.33, p<0.001.
The difference between T2 and T5 (t(100) = 3.69, p< 0.01)
also reached significance.
Analysis of the cartographic map revealed similar ef-
fects, namely a significant main effect of time period,
F(3.28, 88.55) = 14.00, p < 0.001, η2 = 0.13. Descriptive
statistics also showed a similar progression from ambient
to focal attention in the time course of both tasks, see Fig-
ure 5(b): 1st period (M = −0.44, SE = 0.05), 2nd period
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Figure 5. Dynamics of coefficient K representing ambient/focal attention. The interaction effects of task and time sequence
for satellite and cartographic maps. Whiskers represent ±1SE (standard error).
(M = −0.16, SE = 0.05), 3rd period (M = −0.11, SE =
0.06), 4th period (M = 0.02, SE = 0.05), and 5th period
(M = 0.22, SE = 0.05). The difference between the first time
period and the subsequent periods was statistically signifi-
cant, T1:T3 t(112.89) = 3.29, p < 0.01, T1:T4 t(112.89) =
5.70, p < 0.001, T1:T5 t(112.89) = 6.72, p < 0.001, T2:T4
t(112.89)=3.37, p<0.01, T2:T5 t(112.89)=4.39, p<0.001,
and T3:T5 t(112.89) = 3.42, p < 0.01. Interestingly, a sig-
nificant interaction effect between task and time period was
found, F(3.16, 85.25) = 5.24, p < 0.01, η2 = 0.07, see Fig-
ure 5(b). The following pairwise comparisons with time
period as moderator showed that in the 2nd time period at-
tention is significantly more ambient during the localization
task (M = −0.23, SE = 0.06) than during route planning
(M = −0.06, SE = 0.08), t(125.11) = 2.04, p < 0.05. A
similar marginally significant difference was found in the
3rd time period (M = −0.18, SE = 0.07 for localization
and M = −0.02, SE = 0.08 for route planning), t(125.11) =
1.96, p=0.053. However, the pattern reverses in the last time
period, with attention becoming significantly more ambient
during route planning (M = 0.05, SE = 0.09) than during lo-
calization (M=0.32, SE=0.06), t(125.11)=3.01, p<0.01.
Finally, the interaction effect of task and spatial working
memory capacity reached significance for the cartographic
map, F(1, 27) = 6.67, p < 0.01, η2 = 0.04. The follow-
ing analyses of linear regression with coefficient K as the
dependent variable and spatial working memory capacity as
predictor for the localization task revealed a significant neg-
ative slope, β = −0.82, S E = 0.30, t(27) = 2.69, p < 0.02,
while for route planning, the slope was positive but not sig-
nificant, β = 0.36, S E = 0.36, t(27) = 0.99, p > 0.1, n.s..
Results suggest that higher spatial working memory capac-
ity led to more ambient attention on the cartographic map
but only during localization and not during route planning.
Presumably, working memory serves as facilitator of visual
search which dominates localization on a cartographic map.
During route following perhaps more complex cognitive re-
sources are involved beyond spatial working memory capac-
ity. Further research is needed to investigate which cognitive
resources are required for controlling the dynamics of visual
attention during different tasks.
General Discussion
Analysis of performance measures (efficiency and effec-
tiveness, or speed and accuracy) show that the cartographic
representation affords faster task completion than the satellite
representation, regardless of task. Because everyone man-
aged to complete all tasks, a ceiling effect precludes discus-
sion of effect of task or cartographic product on accuracy.
Of the two main tasks considered, route planning tended to
be performed faster than localization, perhaps because both
route endpoints had already been identified. The satellite im-
age typically includes greater detail, and can be more cogni-
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tively demanding, than its cartographic counterpart. Results
suggest a link between completion time and pattern of visual
attention. Analysis of process measures (eye movements)
provides further insights, yielding possible effects of carto-
graphic product on cognitive requirements.
Analysis of fixation durations shows that task type has im-
pact but only when using the cartographic map. This appears
to agree with Mills et al.’s (2011) observations of task in-
fluence. Results are also in line with the eye-mind assump-
tion posited by Just and Carpenter (1976), who pointed out
that fixation duration corresponds to the duration of cognitive
processing of fixated material. Salthouse and Ellis (1980)
also classically described a series of experiments showing
that fixation duration is prolonged when participants are in-
structed to process visual information. The interaction effect
of task and cartographic product on fixation duration sug-
gests that the cognitive requirements of the satellite image
override those of the task, i.e., the complexity of the satellite
image obscures the effect of task.
Although route planning appeared to be performed faster
(at a statistical tendency level), fixation durations show that
route planning may have been more demanding than local-
ization, as observed when using the cartographic map. This
would be in agreement with Kiefer et al.’s (2016) finding
of increased cognitive load associated with route planning.
Decreased saccade amplitude in route planning compared to
localization, also suggests greater cognitive load, insofar as
decreased amplitude suggests greater focal viewing, as also
indicated by K .
Extending traditional fixation duration metrics, coefficient
K fosters understanding of the dynamics of eye movements
as revealed in differing patterns between both tasks. The lo-
calization task produced a fairly common dynamical pattern,
with eye movements initially ambient, becoming more focal
over time. When close to locating the target on the map,
eye movements become more focal with the ratio between
saccade amplitude and fixation duration leaning towards the
latter. The route planning task, however, yielded a more
complex dynamical pattern, but only over the cartographic
map. Starting in ambient mode when locating the start and
end points of the route, eye movements become focal when
following the route visually, then finally turn more ambient
during route confirmation. The use of K showed the three
stages of route planning: route end point localization, route
following, and route confirmation. However, the complexity
of the satellite image again obscures this progression.
Just and Carpenter (1976) noted that eye fixation data
make it possible to distinguish the three stages of visual
search performance, although their analysis relied on the re-
lation between fixation duration and angular disparity. While
qualitatively effective, the relation provided no easy way of
combining fixation duration and disparity into a useful quan-
tity with which to distinguish the cognitive stages. The dif-
ference in cartographic product notwithstanding, ourK met-
ric (K. Krejtz et al., 2016) illustrates when these inter-stage
transitions may occur. When K <0, relatively short fixations
are followed by relatively long saccades, suggesting ambient
processing during visual search. WhenK >0, relatively long
fixations are followed by short saccade amplitudes, suggest-
ing focal processing during decision-making. Subsequent
gaze transitions may indicate confirmation, as noted by Just
and Carpenter (1976).
Conclusions
We presented a demonstration of how traditional gaze
metrics can be augmented by analysis of dynamic attention
with coefficient K to study differences in cartographic tasks
while examining the utility of cartographic maps versus their
satellite image counterparts.
We showed how traditional gaze metrics of fixation du-
rations and saccade amplitudes help explain differences in
performance observed during cartographic tasks. Specifi-
cally, we observed performance and gaze behavior differ-
ences among participants as they worked with satellite and
cartographic representations. Performance results regarding
the cartographic map suggest a nuanced outcome corrobo-
rating earlier work, suggesting impoverished performance
using satellite images (Dillemuth, 2005; Francelet, 2014;
Dong, Liao, Roth, & Wang, 2014).
The benefits of cartographic maps were explained to a cer-
tain extent by fixation durations and saccadic amplitudes. On
average, fixations were shorter on cartographic maps than on
satellite images, likely facilitating faster cognitive process-
ing, assuming Just and Carpenter’s (1976) eye-mind assump-
tion. Fixation durations and saccade amplitudes were also
able to indicate task differences, suggesting route planning
as the more demanding task due to the significantly longer
fixation durations and (marginally) larger saccade amplitudes
employed compared to the localization (search) task.
Beyond traditional eye movement metrics, which describe
visual behavior over the duration of the task (in the aggregate
or mean), coefficient K showed how the tasks differed over
the course of their execution. The localization task elicited
a fairly common dynamical pattern with gaze initially ambi-
ent, becoming more focal over time. The route planning task
on the cartographic map, however, yielded a more complex
pattern potentially resembling Just and Carpenter’s (1976)
search→ decide→ confirm progression.
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